December 1978

Mercurated Derivatives of Morpholine, Tetrahydro-
1,4-thiazine, and Hexahydropyrazine. Synthesis of
Substituted Morpholines, Unsaturated Aminoethers,
Aminothioethers, and Diamines

J. BARLUENGA¥*, C. NAJERA, M. YUS

Departamento de Quimica Orgéanica, Facultad de Ciencias, Uni-
versidad de Oviedo, Oviedo, Spain

The aminomercuration-demercuration of dienes is a suitable
method for the synthesis of N-heterocyclic systems'* 2. How-
ever, the demercuration process can lead almost exclusively
to J-unsaturated amines® under certain reduction conditions.
The simplicity of the reaction and the high yields of hetero-
cyclic products obtained by this procedure prompted us to
study its application to the synthesis of mercurated hetero-
cyclic systems containing two hetero atoms, one of them
being nitrogen, and their further demercuration.

When mercury(II) acetate is allowed to react at room temper-
ature with diallyl ether (1, Y=0), diallyl sulfide (1, Y=3),
or diallylamine (1, Y =NH) in the presence of primary aren-
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amines* (2), mercurated derivatives of morpholine, tetra-
hydro-1,4-thiazine, and hexahydropyrazine are formed. These
compounds may be characterized and isolated as the bis-
[bromomercurio] derivatives 3 upon anion exchange by
treatment of the crude reaction mixture with potassium
bromide.
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1. Hg(OAc)y/ THF
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X = H,4-CHy, 2-CHy , 4-OCH5, 2-OCHs , 4-NO, , 4-Cl

Y=0,5,NH 3

Sodium borohydride reduction® of compounds 3 with reten-
tion of the ring skeleton can only be achieved in the case
of the morpholine derivatives (3, Y=0)® by carrying out
the reduction in alkaline medium {pH 10). The morpholine
derivatives 4 thus obtained are mixtures of two isomers,

Table 1. 3,5-Bis[ bromomercuriomethyl]-4-phenylmorpholines (3, Y=0) and -tetrahydro-1 4-thiazines (3, Y=S), 2,6-Bis[bromomer-

curiomethyl]-1-phenylhexahydropyrazines (3, Y = NH)

3 Y X Reaction conditions

Molecular LR. (nujol) [em ']

Yield® m.p. (solvent)
Ar—NH,/Hg"® Time [%] formula® YNH Yo Varom
a O H 8/1 Smin 100 130-131° (dec) C;:H,sBr,Hg,NO 1100 3050, 1570, 1550,
(dioxan/methanol)  (750.2) 1490, 780, 730
b S H 8/1 3h 100 70-72° (dec)* Ci:H;sBr,Hg,NS - 3020, 1600, 1570,
(766.3) 1300, 760, 700
¢ NH H 5/1 Smin 100  108-110° (dec)® C,:H,¢BraHg, N, 3300¢ 3040, 1600, 1550,
(749.3) 1500, 760, 710
d O 4CH; 41 3h 100 78-80° (dec) Cy3H,,Br;Hg,NO = 1100 3050, 1620, 1520,
(ethanol) (764.3) 1510, 820
e S 4-CH; 4/t 2h 85 77-79° (dec) Ci3H;-Br,Hg,NS 3025, 1615, 1520,
(780.3) 820
f NH 4.CH; 31 40min 99  113-115° (dec) Cy3H, 4Br;Hg, N, 3300 3040, 1610, 1510,
(763.3) 820
g O 40CH; 21 7h 81 99-100° (dec)® Cy3H,,Br,Hg,NO, 1100 3050, 1600, 1560,
(780.3) 1510, 830
h S 4-OCH; 3/1 25h 83 98-100° (dec)* Cy3H;7Br,Hg,NOS - 3050, 1610, 1580,
(796.3) 1520, 830
i NH 4-OCH; 3/1 th 100 108-110° (dec) Cy3H gBroHg,N,O 32809 3040, 1610, 1510,
‘ (779.3) 840
i O 4NO, 251 2d 80  210° (dec) Ci2H,4Br,Hg, N, O3 — 1100° 3020, 1580, 1560,
{methanol) (795.2) 1490, 850
k S 4-NO, 3/ 4d 62 134-135° (dec)® Ci2H,4Br;Hg,N,0,8 — - 3020, 1600, 1590,
(811.3) 1500, 830
I NH 4NO, 3 20h 68  104-105° (dec)* Ci2HysBroHg, N3O, 33004 ¢ 3020, 1600, 1500,
(794.3) 840
m O 4l N 0min - 96 115-117° (dec) Ci2H,4Br,CIHg,NO - 1100 3050, 1600, 1580,
(acetone) (784.7) 1500, 830
n S 4-Cli 3/ 3h 98 60-62° (dec) C;2H,4Br;CIHg,NS - — 3060, 1590, 1490,
(800.7) 820
o NH 4-Ci 2/1 I0min 96 110-112° (dec)® Cy2HsBr,ClHg, N, 33004 — 3020, 1600, 1500,
(783.7) 835
p O 2CHy 4/ Sh 100 68--70° (dec) Ci3H,+Br,Hg,NO 1100 3050, 1600, 1580,
(THF/methanol) (764.3) 1510, 760. 730
q O 2-OCH; 41 3h 87 75-77° (dec) Cy3H-Br,Hg,NO,  — 1100 3050, 1600, 1580,
(THF/methanol) (780.3) 1500, 770, 730
* Based on diene 1. 4 Very weak. -

® All products 3 gave satisfactory microanalyses: N, +0.03; Hg, +0.31;

° vno, = 1460, 1300 cm ™!

exception: 3k, 31; Hg, +0.42.
© These compounds could not be recrystallized.
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" vno,= 1480, 1310 cm ™ .
¥ vno, = 1470, 1310 cm ™.
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probably cis- and trans-stereoisomers’. When the reduction
of compounds 3 is carried out in neutral medium (pH 7)
or in the case of Y=S or NH also in alkaline medium,
cleavage of the C-—N bond occurs to give allyl 2-aminoalkyl
ethers (5, Y=0), allyl 2-aminoalky! sulfides (5, Y=S), or
N-allyl-N'-aryl-1,2-propanediamines (5, Y = NH)®,

Y
NaBH,/H,0/HO® J: j\
A’ H1C N CHs3

=2 NaBr/-2 Hg

e s
X
BrHg Nj\/HgBr N 4
G L
NaBH‘./HQO H3C NH \CHZ

3 ~2NaBr/-2Hg

X
5

3,5-Bis[ bromomercuriomethyl ]-4-phenylmorpholine (3a); Typical
Procedure:

Mercury(I1) acetate (19.08 g. ~ 60 mmol) is added with good stir-
ring to a solution of diallyl ether (3.6 ml, 30mmol) and aniline
(50mb) in tetrahydrofuran (100 mi). After Smin, the solvent and
the excess of amine arc removed under reduced pressure (0.1 torr)
and the residue is stirred with a solution of potassium bromide
(12.0 g) in methanol/water (4:1; 250 ml). The precipitated product
(22.5 2,100 %) is isolated by suction and recrystallized from dioxan/
methanol (5:1); yield: 18 g (80%); m.p. 130° (dec).
C;2HsBroHg, NO - cale N 1.87 Hg 53.47

(750.2) found 1.85 53.50

3,5-Dimethyl-4-phenylmorpholine (4a); Typical Procedure:
3,5-Bis[ bromomercuriomethyl]-4-phenylmorpholine  (3a; 10g.
13.2mmol) is suspended in tetrahydrofuran (50ml) + aniline
(20ml) + 0.5 normal aqueous sodium hydroxide (100ml). Then,
a solution of sodium borohydride (0.57 g, ~ 15 mmol} in 2.5 normal
aqueous sodium hydroxide (20ml) is added with stirring. After
4 h, the mixture is extracted with cther and the extract washed
with water. The organic layer is dried with anhydrous sodium
sulfate, the ether is evaporated at 15 torr, and the oily residue
is distilled in vacuo; yield: 1.4g (717, based on mercury pre-
cipitated); b.p. 55-60°/0.001 torr.

Ci,H s NO calc. 7535 HBY6 N7.32
(191.3) found 75.10 8.87 7.27

Allyl 2-Anilinopropy] Ether (5a); Typical Procedure:

A solution of sodium borohydride (1.7 g, ~ 42 mmol) in 0.5 normal
aqueous sodium hydroxide (30ml) is added slowly over 10min
1o a stirred suspension of 3,5-bis[bromomercuriomethyl}-4-
phenyimorpholine (3a; 13.5g, ~ 18.2mmol) in tetrahydrofuran
(50ml) + aniline 20ml) + water (75ml). The resultant mixture
is extracted with ether, the extract is dried with sodium sulfate,
and the solvent is removed at 15 torr. The residuc s distilled
in vacuo: yield: 1.5g (517, based on mercury precipitated);
b.p. 60-64°/0.001 torr; purity (by G.L.C.): 96 %.

Ci:H,-NO cale. C 7535 H896 N 7.32
(191.3) found 75.20 8.85 7.40
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Primary aliphatic amines yield amine-mercury(Il) complexes
instead of products of addition of the double bond under similar
reaction conditions: J. Barluenga, C. N4jera, M. Yus, An. Quim.,
in press.

H. C. Brown, P. Geoghegan, J. Am. Chem. Soc. 89, 1522 (1967).
Other demercuration methods attempted such as Li/THF or
Na/NHj; reduction led to negative results.

Separation and identification of the isomers 4 is currently being
carried out.

Compounds of the type 5 cannot be obtained by monomercura-
tion-demercuration of the starting diene 1: C. Néajera, private
communication.
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